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(54) Priniers v^noiMonriplementBrytaUs for detoc^on of diagnostic 

(57) Detecting a Bpadfic 11886 Boquence i3y: .j^- 

1 ) contacting a sample with a primer comprising a t>ase sequence complementary to the epecifie he^. 
sequence to l>e detected and a non-complementary tail sequence further comprising tag and deteOdK^egions 
such that an extension product of the complementary sequence Is formed when the specific base sequence is 
present in the sample; : 

2) contacting the extension product formed in (1) wth a further primer which hybridizes remotely l^i^the 
diagnostic base sequence to produce a further extension product comprising sequences that are 
complementary to the tag and detector regions; '-'^'^ 

3) contacting the further extension product of (2) with a tag specific primer to produce a further exte^pn 
product comprteing a sequence corresponding to the detector region wNch can be detected in the latter 
primer extension product by, e.9. TagMan, Molecular lieaoons or LEGS, or FRET. 

Can be used with amplification refractory mutation system (ARIMS). 



At least one drawing originally filed was infwmal and the print reproduced here is taken from a later filed fformal copy. 
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FIGURE 7 
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PROCESS 



The invention relates to novel methods for the detection of diagnostic base^^^^ 
sequences in sample nucleic acid. In particular the invention relates to the use of ta^ 

S primers in such methods. 

The invention is an unprovemcnt on currently established procedures for t|»^ 
detection of nucleic acid sequences. The detection of nucleic acid sequences is a d^^le 
and necessary procedure in the following exemplary areas; detection and diagno^^^dleles 
re^nsible for genetic diseases in humans and other species; detection and diagno^f DNA 

10 sequences associated or linked to genes that niay or niay not be involved in diseas^^ 
and other species; detection and diagnosis of neoplasms and the effects of therapy oL^ 
neoplasms; detection of and distinction between different pathogens (eg. vkuses^lX|^^ and 
fungi); determining the purity of animal strains and pedigrees; distinguishii ^ -^-^^ 
different humans and animal samples in forensic medicine. 

1 S The polymoase diain reaction (PCR) as disclosed for example in U.S. Pa^l^ Nos 

4,683^2 and 4,683,195 has been used to amplify specific DNA sequences. However, PCR 
does not, by itself, provide a method to detect single base mutations. It has been iti^^ary to 
combine the PCR with other techniques, for example allele specific oligonucleoti<te|«ohing 

of PCR amplification products. 
20 We have now devised a novel assay system for the detection of diagi 



sequences vMch uses tailed diagnostic primers having a tag region and a detectc»Et j^^on. 
Under eqppropriate conditions any diagnostic primer extension product acts as a tc s ni^ i l e for 
extension of a fiirther primer. In which case a sequence complementary to the 
the detector region will arise in the fiirther primer extension product Atagpru 
25 whidii can hybridise to die complemerit of the tag region in the finther primer edft 



and 








•T5 





sequence complementary to the detector region in the tag primer extension product; 

Therefore in a first aspect of the present invention we provide a method fi|rjthe 



detection of a diagnostic base sequence in nucleic acid comprised in a sample, ^/bii^ 
30 conq>ri5es contacting tiie sanq;>le under hybridising conditions and in the presence^ 
appropriate nucleoside trii^osphates and an agent for polymerisation thereo 
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«,u«„» coo-priring a ..g „gi<„ . d.,ec«,r region. an ea«^™ 

"'^»^'=.-ex«nsio„p™i«,bei.,gs,„tt«i«l^tec^ 

as ttn^late for «««« of a ft«te p™« «4^d> 1,-bridises u, a locus a. a 
«i»g»»stic ba« aad conurtog «mpfc wft a u« primer ^ 

hybndi«, «, 4e caplen>e« of fte ug se,ue«« i. an cc^^ p»d»« of fte ftrto priro„ 

.«i is exttaded. and det«;a,« prese,^ „ rt»e«e of diagn«^ 
10 «fe«»ce to tiK detector n=gion ill ««S«herpdiner extension product 

llK detector region it the ftilher prime, extension prodnct n.ay be delected 
» a mnnber of «^,. Fo, example the sample nuy be contacted «ith d«ec,„r ^ capable 

of emitting a detecud-le signal upon inlenicSon «lh die detector i„ to^ 

extenSKm product whereby the presau* or absence of the diagnostic base se<p«nce i^ 
15 •^'■y-tferencet^, the detectabte signal. It «iU be appreciated that the de,^^ 

cannot become associated «th the comspondmg detector region untU ta-get d^^ 
l«*ridi,ation and fiird^prin^. extension has occn.„=d. Tins system is weU suited fcr 
bomog«»ousass^ and ical time or end point analysis. A detector special is any species 

'**''''f»^'«iveassoc,atio.»id.thede.ector,egionma«n««prim.rex,ension^ 
20 and release of a detectable signal. It «ill be iw«ciaed th« by "selecdve association" »e 

mean that the detector sp^aes idenlife »rf binds to dK= detector region in a,, fta^ 
•xtensl™, product to the exchisio.ofo.her nucleic acid se,^ in a,e sample. Suchdetector 
species m^ mdude ««ibodies and hybridisation probe(s). A particular det«*,r sp«=ies Is a 
delectorprrt^suchasalabellcdhybridisationprobe. Ubel is com«nienUy rekased by the 

25 acnon offer example an exonuclease associated «ith die polymerase mediated extension of a 
tagpmner. I" <!» *ecifc description heniafter we describe a number of altenunive 
sys«»ns. l^i«di«iedetectionofa«changeinshapeofapiobeuponhybridis«io..the 
«Be of two or more probes having interactive labels such as for exanvle the use of 
fl>«»««nce resonance energy ttansfer. the use of scintillation proximily assays (SPA) d« 

30 measuremau of a change in fluorescence pohrisaion upon hybridisation of a fluomscmly 
labelled ptobcFurthtt systems win be apparent to the scientist of ordhary skill These 
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include the use of a solid phase capture probe for the detector region in the furdier {MrpSff 
extension product It will be ^predated that both direct and indirect labelling metfKjds may 
be used to detect the iinmobiiised further primer extension piodu^ By >vay ofexaii^^a 
further labelled probe for a region other than the detector region m^^ AfteiSBBtvely, 



5 intercalation may be used to detect the detector region/probe DNA diq[>lex. Also, la^^ 
dNTPs may be incorporated into the furdier primer extension product rri^^^ ? 

The sequence of the detector probe need not be the same but is convgficntly 
identical to the sequence of the detector region in the tail. It will be appreciated thk minor 
changes may be made to the sequence of the detector probe vdlhout affectii^ its perfbAmance 

10 to any significant extent '^^^^ 

Alternatively the complement of the detector region is detected by re£S^Qoe to 
its size contribution to the overall amplification product of the tag and further prMiSs. A 
convenient size difference may be used, even as little as one base pair difference cair£e 
detected on a get Generally however ^ differences of at least 5, conveniently ^fSst 10, at 

IS least IS or at least 20 base pairs are used. This aspect ofthe invention is of p 

where two or more alleles of a genetic locus are to be detected in a single assay tSj^xat. 

The tag primer is capable of hybridisation to the complement of th^ ti^ " 
sequence in the further primer extension product It will be understood ^t tibe diag^tic 
primer extena<m ptodad is separated fiom the further i^imer extension product p^^j^ 

20 hybridisation ofthe tag primer. The sequence of the tag primer is convenindy ideailleal to die 
sequence ofthe tag r^on in the tail. The tag primer preferably comprises a sequn^^pable 



of hybridisation to all tag sequences. All tag sequences are inferably idmtical. A^^i^ it will 
be aiqneciated that minor changes may be made to die sequence of the tag prim^4i^ttk>ut 
affecting its performance to ai^ significant extent The use of a common tag primer^and 
2S common tail sequences has significant cost advantages for a typical assay. ' 

It will be understood that the diagnostic primer tail is non-<»mp teiil6fteiy to 
any relevant genomic sequence or adjacent region so as not to compromise the assay; 

In known diagnostic PCR procedures mispriming may occur at each aiai^pi^cation 
cycle, especially where die primer is used to detect for exan^le single base mismatdies or to 
30 detect a particular sequence against a background of related sequences. Such mxq^^ing may 
only occur as a very low percentage of total priming events per amplification cycle but will 
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increase significanUy as a function of the overall number of cycles. The present invention 
comprises a two stage procedure wherein as a first stage the mitial interaction between a 
diagnostic primer comprising tag and detector regions and a sample template may conducted 
at optimum hybridisation stringency. Any primer e«ension products are then amplified using 
5 a fiirther primer. As a second stage tire above extension products are then amplified using a 
tag primer and the further primer. Accordingly, whilst mispriming may still initially occur die 
ovoall level may be significantiy reduced. 

As indicated above die tail sequences may be die same or different but are 

convenientiy identical or substantiaUy similar so that a single tail primer may be used This 
10 facilitates ti,e performance of large multiplexes without overioading the reaction mix with 

different primers. Wehavefoundthattheuseof identical tag sequences can be 
advantageously used to even out ibc efiSciencies of different amplification reactions. 

We have also found ti^ tailed primers can also be used to prevent the formation of 
"praner dimers" and oAer inter-primer artefects. These are a particular problem in 
15 homogeneous assays using for example intercahiting dyes to detect double stranded nucleic 
acid. They result in fake positive signals. See for example Ishiguro et al. Anal. Biochem., 
1995.229.207-213.especiaIIypages211-212. Whilst we do not wish to be limited by 
theoretical considemtions. it is beUeved that ti^ formation of primer dimers is dependent on 
some degree of homology between primers and tiieir use at high concentrations. It may be 
20 possible to reduce tiie formation of primer dimers by carefiri primer design. However where 
many primers are used at high concentrations. f(«- example in PGR multiplexes, this becomes 

moredifficult We now disclose the use of diagnostic and further primers which are genome 
specific at flieir 3 '-termini but which carry a detector region and common extensions (tags) at 
ti»a:5'-termim. ^T^ese are used in combination with a common tag primer which can prime 
25 fi^m the complememofflie tag sequence in extension products of furdierprimerC^^^ Hius 
whilst primer dimers and otiier inter-primer artefects could occur during first phase diagnostic 
pnming. these camiot be amplified during subsequent rounds of tag ^ecific priming. It will 
be appreciated that tire diagnostic primers are convenientiy used at concentrations which 
allow satisfectory priming on tiieir genomic template(s) but do not allow significant PCR 
30 amplification. 
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The common tag primer is used at higher concaitradon than the genome spedfic 



primers. 

To ensure that primer-dimers and otiier artefacts are avoided a comm(^tag 

and common tag primer are preferably used for all primers present in a reaction txaxi^ " 

5 including control primers. - l^l/l 

•••• 

We have now found tbat it is ^Ivantageous to switch fiom diagnostic prim^ piixi^g to 
tag primer priming by means of a temperature switch. Hie primers are selected so that; the 
melting tmpemture of the tag prim^ is higher than the genome complementary legiiiMrof the 
iprimer. An increase in temperature wiU fiEtvour primings for example aftj^ 
(dy two rounds of diagnostic primer priming, by the tag primer. 






1 J 







The diagnostic primermay be an allele specific i»imer. InEP 
(Baylor College of Medicine) there is described a detection method using two compejpg 
primers for the detection of diagnostic base sequences which differ by as litde as a 
base. This method depends on carefid control of melting temperature (Tm) and is 1 

IS competitive oligonucleotide priming (COP). Competing primers may be used intfc 

.'. • 

of this invmtion» eith^ the prima:s are differentially labelled or the amplificationprtncts are 
separated according to size, for example by the use of different size tails on die primcp^s. 

Furthermore in our European Patent, PubUcadon No. 033243S, the contents c^wiuch are 
incorporated herein by reference, we disclose and claim a method for the selecdv^^^Mi-f 

20 amplification of teii4)late sequences wUch differ by as litde as oiie base. The above^metb 
is now commcmly referred to as die Amplification Refractory Mutation System <M£MS). 
This is of particular use, for example, \^eie diagnostic base sequence(s) are only pc^i^ 
low concentration in complex nucleic acid mixtures. 

Therefore in a preferred aspect of die above detection method a terming 

25 nucleotide of at least one diagnostic primer is eitho: complemmtary to a suspected 
nucleotide or to the corresponding normal nucleotide, such that an extension produc^Df i 
diagnostic primer is synthesised when the terminal nucleotide of die diagnost 
complementary to the corre^nding nucleotide in die diagnostic base sequence^ x|i(^^ension 




product being synthesised when the terminal nucleotide of the diagnostic primer ig«^ 
30 complementary to the corresponding nucleotide in the diagnostic base sequencer - 
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The diagnosUc primers for use in the preceding aspect are conveniently 
designed with reference to our above mentioned European Patent, PubUcation No. 0332435. 

By "substantiaUy complementaiy" we mean that primer sequence need not reflect 
the exact sequence of the template provided that under hybridising conditions the primers are 
5 capable offulfiUing their stated purpose. This applies equally to diagnostic and tail primers. 

In general, mismatched bases are introduced into the primer sequence to provide alto^ 
extension rates with DNA polymerases. Commonly, however, the primers have exact 

complemenlarily except in so far as non-complementaiy nucleotides may be present at a 
prcdetennined primer terminus as hereinbefore desoibed. 
10 In the diagnosis of, for example, cancer the situation may arise whereby it is 

desirable to identify a small population of variant ceUs in a background of normal cells. The 
ARMS system is well suited for this purpose since it discriminates between normal and 
variant sequences even where the variant sequence comprises a very smaU fraction of the total 

DNA. Whilst we do not wish to be limited by theoretical considerations we have successfoUy 
1 5 performed ARMS assays in which the ratio of mutant to normal DNA was 1 :100 and we 
beheve that even larger ratios may be readily used. To optimise the sensitivity of the ARMS 
reaction it may be performed in isolation ie. with a single ARMS primer since in duplex or 
multiplex reactions there may be competitive interaction between the individual reactions 
resulting in a loss of sensitivity. A control reaction is desirable to ensure that a polymerase 
20 chain reaction has taken place. In a test for an inherited mutation the copy number of the 
mutation and other genomic is typicaUy 1:1 or 1:2. so a genomic control reaction can be used 
without compromismg sensitivity or creating an imbalance in the system. In a cancer test 
however, the use of a genomic control reaction may swamp the test reaction leading to a loss 
of sensitivity. We have now found that ARMS primers) comprising tail sequences may 

25 advantageously be used in a two stage amplification procedure comprising a genomic c«^ 
reaction. In the first stage ARMS primer(s) comprismg non^omplementary tail(s) are used to 

amplify any variant sequence which may be present In addition to the ARMS reaction a 
genomic control reaction is performed in the same reaction vessel using primers at very low 
concentation. Hie control reaction primers also have non-homologous tails which may or 
30 may not have the same sequence as the ARMS primer taU(s). In the second stage tail specific 
primers are added and the temperature increased to prevent the original genomic control 
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primers firom filnctioiiing. In this secoiul stage any variant sequence piodi^ is fu^^ 
amplified and the product of the control reaction fix>m the first stage is also amplified to give a 
detectable jiroduct Thus &e ARMS reaction will only take place if variant sequenc^ is ^ 
present in the original sample and the control reaction will only fimction if both the first and 
S second stage amplification reactions have worked Ip' 
A further and important use of ARMS is for detecting the presence or abset^ of 
more than one suspected variant nucleotide in die same sample. The ability of ARMS, to 
sdectively amplify sequences dependirig on the predetermined nucleotide sequence iofAe 
diagnostic primers enables multiple amplification products to be distinguished simp^ ~ 

10 accuratdy and with minimal operator skill thus making it possible tt> provide a robug ■ 

technique for scre«dng a single sample for multiple nucleotide variations. The use^^y^tMS 
to detect nK>re than one suspected variant nucleotide in the same sample is convenii^fi^ 
referred to as multiplex ARMS. Multiplex ARMS is thus of particular interest in s^N^cnng a 
single sanq>le of DNA or RNA for a battery of inherited conditions such as genetic disorders^ 

IS predispositions and somatic mutations leading to various diseases. Such DNA or R]Mk may 
for example be extracted from blood or tissue material such as chorionic villi or amnSodc cells 
by a variety of techniques such as those described by Maniatis et al. Molecular Clonitig 
(1982), 280-281. Morever as the molecular basis for further inherited conditions becomes 
known these further conditions may simply be included in the screening technique of the 

20 present invmtion. ' ; 

Multiple amplification products may be distinguished by a varied df 
techniques. Thus for example probes may be employed for each suspected amplified|Kroduct» 
each probe carrying a differmt and distinguishable signal or residue capable of prodiicing a 
signal. 

25 A much simpler and preferred method of distinguishing between ARMS 

amplification product comprises selecting the nucleotide seqxiences of the amplificalidn 
primers such that flie length of each amplified product formed during the process oftlie 
present invention is diffident In this regard the number of base pairs preset in an 
amplification product is dictated by the distance apart of the diagnostic and amplification 

30 primers. Thus the amplification prinsos rnay be designed such that each potential 

• . tt* ■ 

nucleotide is associated with a potential ampUfication product of different length. ~ ^~ 
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In an ARMS n»ction diagnostic for a particular point mutation the sequence of the 
primers is largely constrained by the sequence of the DNA adjacent the mutation of interest. 

The 3' base of the primer usuaUy matches the base altered by the mutation and e^ 
destabilisation is inlKHhiced to give the required level of specificity. Ihetemi "specificity" 

5 to the ratio of the yield of product when an ARMS primer is used to prime its target 
sequence compared to the yield of mis-primed product fiom the non-target sequence. 

In a multiplex ARMS reaction it is desirable that the individual ARMS 
leactions woric with similar efficiency to allow the simultaneous detection of all the reaction 
products, -niis may be achieved for example by altering the concentration of the primers, 

10 aheration of the number/composition of reactions, or alteration of the ammom»t of additional 
destabilisations introduced into the ARMS primers. Whilst these methods are normally 
sufficient to obtain a balanced multiplex ARMS reaction the use of tail or tag sequences may 
have advantages in certam situations. In particular these may allow a more specific test By 
way of example, where a strong additional mis-matdi is used to obtain specificity the yield of 

15 corresponding multiplex product may be low. Reducing the additional mis-match strength 
may not be possible without compiomising specificity. A taU sequence which in combination 
with a tail specific primer provides a good substrate for a DNA polymerase may be used to 
balance the multiplex reaction. A range of tail/primer combinations of known priming ability 
may be provided. Thusby way ofexampleasafirstampUficationstepthe 

20 priming/mis-priming ratio is optimised without regard to product yield. Product yield is then 
balanced in the second amplification step using an ^)prepriate range of tail/primer 
combinatioiis. 

In our UK Patent No. 2252407 (Zeneca) we disclose and claim that muWpiex 
ARMS may be successfijy performed where diagnostic primer extension products of more 
25 than one diagnostic base sequence of a nucleic acid sample comprise a complementary 
overlap. This miexpected improvemem to multiplex ARMS is refeired to hereinafter as 
overARMS. OverARMS now facilitates the detection and analysis o^ for example, inherited 
or infectious disease where the potential variam nucleotides are closely spaced. 

In an overARMS reaction the size of the reaction products can be used to identify 
30 individual combinations of variant nucleotides. Where the products are separated for example 
on an agarose gel this approach may be limited by the resolving power of the gel. By way of 
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example in a high lesolution agarose gel overARMS may presently be used to ident^v 
mutations within about 10-15 bases of each other. The size of the outer overARMS jniiner 
was increased to give a larger product and we surpri^ngiy found that the yidd of die analler 
overARMS product was significantly reduced. Whilst we do not wish to be limited 1^ ' 

S theoretical consideraiions we believe that target masking takes pla^ 
of the larger overARMS primer which binds preferentially to the target DNA andp^hts the 
smaller overARMS primer fiom hybridising. Use of a tailed outer overARMS prim^ftiay 
provide the increased product size necessary for resolution but since it is non-^rxq>IiiiSaatary 
at its 5' eiid the Tm wiU be ^riiilar to the smaller primer. :.\(rm^ 

10 OverARMS is convenimly used for HLA typing, in the diagnosis of p-^t h a fe a emi a, 

sickle cell anftemifl^ phenylketonuria (PKU)» Factor Vm and IX blood disorders and^ 
•1 -antitrypsin deficieny. A particular use for OverARMS is in the detection aiKl ^^^ssosis of 
cystic fibrosis. Convenient cystic fibrosis alleles are disclosed in our European BatoB^' 
AppUcalion No. 90309420.9; by B. Kerem et al. Science, 1989, 245, 1073-1080; bj^R. 

1 S Riordan et at. Science, 1989, 245, 1066*1073; by J.M. Rommens et al. Science, 1989^ 2^5, 
1059-1065; by GJL Cutting ^al. Nature, 246, 366-368; by M. Dean et aj, Cell,^^HS-870; 
by K. Kobayashi gtsL Am. J. Hum. Genet, 1990, 47, 61 1-615; by B. Kerem ^^^jj^^. Natl. 
Acad. Sd. USA, 1990, SL S447; by M. Vidaud gt Human Genetics, 1990, 83, (,4^^: 
446-449; and by M.B. White gt al. Nature, 344, 665-667. 

20 Our two stage amplification process using diagnostic and tag primers^ 

combination with a further common primer is conveniently carried out using all tiff^^rimers 
simultaneously and preferably using a ratio of tail specific and/or further prim^^^^ 
diagnostic primer(s) of at least 1:1, such as at least 20:1, at least 30:1, and at least 40rl, 

preferably at least 50:L ""'^^^ 
25 All of tiie above detection methods involving PGR amplification may betfii^^ as 

homogeneous assays. 

The nucleic acid in the sample may be nucleic add derived from for exao^te 

viruses, bacteria (glomes and plasmids), bacteriophages, eukaryotic cells (nucleary^asmid 

or organelle), humans, animals, plants, latent viruses in human or other cells. Tlib sSdq>le is 
30 conveniently obtained fiom an individual using conventiorud techniques. The imckscracid 
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u.-.oc..x.^KiNAorreve«e transcribed RNA. It may be native, fiagmented, cloned 
degraded, extracted fiom cells or just released upon cell death. 

An additional benefit of the method of the invention is in single tube genotyping 
ARMSassays. At a poylymorphic locus in a diploid organism there are typically two 
different alleles (A and B) and hence three possible genotypes (AA. AB and Bm On. ^ 



ARMS 



^ ^s, .p^-.„c ror aiieie fl. It is also possible to include both the A- and B^^c 
ARMS primers in a single reaction and use differential labelling or prim^ 
which ofthe primers have amplified. In practice there may be problems such as non- 
10 ^P««fi"tysincetheARMSreactionp«>ductfiomonealIele-speci& 

taigetformisprimingfortheotherprimer. However in the method of the present invention 
the uutial extension reaction is fiom the tailed ARMS primer but subsequent amplification is 
viathetagpnmer. After, for example the second round of PGR the ARMS primer contributes 
veiy htUe to the amplification process and consequenfly die probability of inappropriate 
15 Pnmmg fiom non-target reaction products is greaUy reduced. The use of a temperature shift 
protocol after say two rounds of PGR to premote tag priming. wiU fi^er reduce the cha^ 

ofmis-priming. Detection ofthe products ofdifferent diagnostic primers is by differential 
product size or differential labelling. 

TTie method of Ae invention may be used in combination with a number of known 
20 detection systems. By way of example it may be used to improve the taqman assay as 
described for example by Holland et al. ProcNati. Acad. Sci.USA, 1991. 88. 7276-7280 and 

by Gelfend et al in US-A.52 1 001 5. A finher assay is that described by Yamagata et al in EP. 
A-0 639647. A still finther assay is the strand displacement assay (SDA). see for example 

Walker et al. Nucleic Acids Research. 1996, 24(2). 348-353. EP-A-O 678 581, EP-A-0 678 
25 582,andEP-A-0 684 315. 

The invention wiU now be fiuther illustrated but not limited by refereiM:e to the 
following dctaaed description. Example. Table and Figures wherein: 

Figures 1-4 show the effect of magnesium concentration on the fluorescence ratio of 
FAM/FAMRA in the TagMan embodiment of the invention. 
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Figure 1. The difference between Ya and the No DNA samples is strongest aQA mM 
Mg. However, tbcse conditions also fevour ARMS mispriming and the diffetencv 
Ya and Yi is smaller, this is an ARMS dq)endeat event 

• ■ 

Figures 2-4. Each of three replicates for Ya and No DNA is presented foxM^ 
5 different Mg concentratioiis (Figure 2 - l.2mM Mg, Figure 3 - 2.4mM Mg, Figui»i43i.:4.4mM 
Mg). The reproducibility is good and the ratios between positive and negative si 
inqnessive. 



Figure 5 ^ws a comparison of a Ti^Man 
TaqManass^, looking at an Insulin gene polymoriAism). TagMan perfiHrmed 
at 2.4 mM Mg, die difference between positive and n^adve results was nearly two^fbld better 
than that for the insulin ampUcon. We believe that the TagMan probe anneals ftrmaH^ avidly 

than die amplifyii^ TAG pnma. '^f 

Fkmes 6-8 ^w conq}arisons with various ctrntrols. In order to be sure th^^gnals 
obtained were produced as a result of the introduced rqwrter portion of the or 
control e3q)eriments using tailed primers misang dns portion were carried out (FliP^ - 1 
mM Mg, Figure 7 - 2.4 mM Mg, Figure 8 - 2.4 mM Mg). In all cases, fl» absenc©=^a» 

iepoxt«r legion lead to fluoiescence ratios comparable to the negative controls. i^W; 
ins^pcopriate piobe cleavage was taking place under the conditions tested here, 

Figure 9(a) shows gencnnic Drimins using the tailed three phase (3*) inime^the 




20 invention. The tag region of the tail (abc) and the detector region (xyz) arc show^^ 
priniier (abc). 

Figuie 9(b) shows complementary strand synthesis fix>m the further primer («*a). A 
copy of the tailed 3* primer has now been made. - ' 

* 

Figure 10 shows the Ts^Man detection embodiment of the invention. 
25 Figure 10(a) shows the further primer exten^on product (cba ami arrow. an^Uowing 

dottedline). The tag primer (abc) and probe (xyz) with attached fluoro^ 
shown and can now anneal to the copied tail 

Figure 10(b) shows polymerase mediated extension of the taq primer, this aedunters 
the hybridised probe and efficiently cleaves the probe, releasing the measured fluonqiH^ore 
30 away from its quencher. This is the same as conventional TaqMan. - -r^- 
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Figure 1 0(c) shows continued amplification of the target region driven by the tag 
primer (abc) and efficient cleavage of Ae TaqMan probe (xyz). This allows real time or end 
point detection of the released fluorophore. n,e tag primer and the TaqMan probe aie 
included in ti.e PGR at high concentrations, while the long tailed primers are included at low 
5 concentrations, to maximise tag driven priming. In order to maximise the efficiency of the 
process, the TaqMan probe should amieal more strongly than the tag primer, otherwise 
cleavage wiU be inefficient This can be achieved by manipulating the melting temperatures 
ofthepnmers and their relative concentrations. When using TaqMan for allele discrimination 
the ASO element of the approach requires tiiat ti»e probe am^aling is borderline to obtain 
10 maximum differentiation between the two variants. Tb^ new system is more easily 

optimisable because of the probe and drive elements are user-selected and can be optimised 
once for all ampUcons. 

Figure 1 1 shows the Molecular Beacons embodiment of tiie invention. Molecular 
beacons makes use of a similar quenchi,^ effect: at the ends of a probe are 5 bp sequences 

15 complementary to each other. At each end of the probe is a member of a pair of fluorophores, 
one absorbs ibt excitation light and emits it a wavelength which is quenched by the other 
fluorophore. At low temperatures, the complementary regions of the of the probe cause the 
fom«tion of the stem loop structure, bringmg die two fluorophores close to each odier and 
amplified target, then it should hybridise, disrupting the hairpin and releasing Uie first 
20 fluorophore from die quenching elTect of die second. 

Figure 1 1 (a) shows die ibt fiirther primer extension product (cba and arrow and 
following dotted line). TT« tag primer (abc) and molecular beacons probe (xyz) can now 
anneal to die copied tail. Continued amplification of die target region is driven by tf« tag 
primer, die middle portion of die primer is copied repeatedly. 
25 Figure 1 1 (b) shows a fimher primer extension product resulting fiom die continued 

amplification. The quenched beacons probe (xyz)iiybridises to die copied middle section of 
die tag primer. It becomes stretched, releasing die emittirig fluorophore fiom d« quenching 
effect of the second fluorophore. 

The Molecular Beacons mediod is a good way to delect amplicons but not so well 

30 suited for allele discrimination. In ournew scheme, aUele discrimination can be obtamed via 
ARMS but more iiriTiAftAntlv tK* Ts«>/%k^ t t . . . . 
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the stretching out efifect caused by the hytxidisation. In particular, the last S bp on diCL^ods of 
the probe can be made to hybridise to the target rather than "flapping arouiuT; this dxyUld 
allow the use of shorter probes and yield stronger signals. There is no need to desigDacd 
produce new and e3q>ensive probes for each new amplicon» a generic probe can be used for 

S many different amiriUification targets. The system is multipleuble by dianging the pn>b^ 
introduced target sequences, and using a different pair of matched fluorojAores. 

Figure 12 shows the FRET detection embodiment of the invention. The 
method for this approach is to introduce two probes each carrying a membor of a fltid^hore 
pair. When the two probes hybridise to th^ amplified targets (which are essentially ac^acent 

10 to eadi other), die absorbed energy from exciting the first fluorophore is transferred t& llie 
second fluorophore which then emits at its characteristic wavelength. This can be gri^diy 
shifted fiom the excitation and emission wavelengths of the first fluorophore and prddiices 
very low backgrounds. In this format, the spacing between the two probes is oudal aikl 
requires case-by-case optunisation. Furthermore, the use of two fluorescent probes fisreach 

15 amplicon is an esqpensive and cumbersome path. * ^^'^ 

Figure 12(a) shows continued amplification of the target regi<m driven by flie tag 
primer (abc) in combinadon with the fiirther primer (cba). The middle portion of dic|xrimer 
(detector region) is copied repeatedly. Also shown are two probes (x,y; and z) wfaidieach 
carry half of an enogy transfer pair. :: 

20 F^jure 12(a) shows how, after amplification, the two probes hybridise to die copied 

middle section of the tag primer. This allows energy transfer between flie probes flnis 
generating a detectable signal, with low background. 

By allowing the user to define the probe sites, a single probe pair can be deigned and 
optimised. Hiis is dien suitable for use against any target This system can be mul^bced by 

2S simply ch^"£i"g ♦he middle pftrtion of the original primer and using a diff<amt pair 
fluorophores on appropriate probes. A refinement of this technique, suitable for leattime 
assays, is to use directly abutting probes which, once hybridised to the introduced target can 
be ligated together^ for example using a thermostable ligase, and thus fixed in thdr 
fluoresdiig configuration. The ligated double probe can flien be displaced by the (t^ 

30 polymerase. The ligated product may be to be modified to prevent (TaqMan) cleavs^ of the 
newly adjoined sequences. 
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Figure 13 shows the Capture and Detection embodiment of the invention. Tlie 
introduced middle section which becomes copied can be used as the sequence by which 
specific PGR products are captured. Post cq)ture, a detector molecuk can be introduced by 
way of a second target related probe and detection proceeds as appropriate. In this way, 
mutant and normal amplicons can be decoded, simply by having unique capture sequence. 

Figure 13(a) shows continued amplification of the target region driven by the tag 
primer (abc) in combination with die fiirther primer (cba). The middle section of the fiirther 
primer extension product is copied repeatedly. Each amplicon may have a characteristic 
capture signature (ie. xyz can di£fer). 

Figure 13(b) shows how the middle portion (x'y' z') of the fiirther primer extension 
product is a target for capture by an immobilised probe (xyz). A fiirther piobe (hnn) which 
carries a label (eg. biotin, horse raddish peroxidase, or alkaline phosphatase) may be 
hybridised to the amplicon for subsequent detection. In this way mutant and normal 
sequences may be detected in a single vessel, such as a tube, by using different capture 
15 regions to discriminate between the two products. 

Figurb 14 shows the Lanthanide Enhanced Genetics System (LEGS) embodiment of 
the invention. LEGS is disclosed in our PCX patent application no. WO-95/08642. In LEGS, 
a partially caged Europium ion is attached to a probe. When a PGR product is rendered single 
stranded and hybridised to such a probe, a double^ded region is produced. Also present 
20 in the mixture is a synthetic Interealator/Sensitiser (I/S) molecule which intercalates in the 
doublc-stianded region. The intercalator also has a linker arm which ends with a second 
caging group. In an appropriate conformation, the partially caged Eu ion can become fiilly 
caged thanks to the US molecule. Tliis excludes and leads to a stroiig, time-resolved 
fluorescence effect The I/S molecule is difficult to synthesise and may not be fidly heat 
25 stable. 

Using the three phase primer of this invention, the middle phase can be constructed to 
allow a probe carrying a chelate of Eu to hybridise adjacent to a second probe bearing another 
caging group. This generates a fiiUy caged Eu ion which then fluoresces. A major advantage 
of this system is that no complex organic synthesis is required. In addition, the second 
30 chelator can be introduced in a targeted manner. Using known techniques, both the Eu 
chelated probe and the cage probe can be readily synthesised. 
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Figure 14(a) shows continued amplification of the target region driven by ^ 
primer (abc) in combination with the further primer (cba). The middle section 
primer extendon product is copied rq>eatedly. The mixture also contains two probes 0|[>y: 
and z), one of i^ch carries a dielated lantfaanide^ the other carries a second 
5 Figure 14(b) shows how, after amplification, the two probes hybridise to tfae^s&|iied 

middle section of the further primer extension product This causes complete caging'of &e 
IftnthflTiide ion resulting in high efiGciency time resolved fluorescence. 

Figure IS shows probe cleavage detecticm methods other dian using the 5' -^-^ 
exomculease activity of taq polymerase. Tlie probe and die introdiK^ed target may iS^^ hy 



one or more bases, rendering any diq>lex formed between the two susi 
number of methods, such as chemical cleavage or ^cleavase** enzyme. 



Other approaches include the introduction of a restriction site on the middle pos^o^^tiie 
primer. After PCR, Ois may be cleaved releasing tiie detected fluorophoie fix>m ii 



The newly syndiesised DNA may be restriction endonuclease resistant (e.g. by usofig^ 
IS mediylated or phosfdiothioate dNTPs). We then allow the unprotected probes to beaked 
v/bsa anne aled to Ae target Using a thermostable endonuclease would render tins 
format fiilly homogeneous and suitable for real time detection. Alternatively, sQrxie:^2ymes 



require methylated double-stranded DNA for cleavage and these in combination i^tlra 
methylated probe provide a further detecti<m system. 
20 Figure 1 S(a) shows shov^ the further primer extrasion product (cba and arroV^ and 

following dotted line). The tag primer (abc) and probe (xyz) with attached fluorc^lpi^ am 
quencher are shown. These may armeal to the copied tail. 

Fifoire lS(b) ^ows the probe (xyz) being cleaved using chemical or enyzoiatic 



mei 



25 Figure 16 shows other binding based me&ods. The introduced and coped^ middle 

segmwt of the primer may also be designed as the target for a number of q)ecific 
techniques, \^ch may be suitable for product detection. For example, a triple helbc-motif 
may be introduced allowing specific detection of completed double-stranded am] 
Anoth^ example is mismatched probes detected by mismatch binding proteins. 
30 sequence specific protein binding events may be suitable for detection of the aihpl^||d middle 
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Ftoally. »topk FP probes „.y u d=.««d and enh-^ea having Ending 

MflKomposed upon the piobertaiget hybridisadoii. 

FiguK 1 ^ ^ 

Pnme,(,bc)i«co.„«^^^ft^^,^^ Tl» noddle «ctfon rffte «^ 
pr™er«te»„p™ta„k„pi^,^^ E«A «^ca» n.,y have a cl«„a«eriaic 
capture signature (ie. xyz can differ). 

e«en«<,„produ«Ua,,^fa,ub«,^,y^„,^„^^^^^_^ ^ 
tnple helix is formed using pmbe x*y*2*. 



10 



primers. 



Figure 1 7 shows single tube genotyping using differentiaUy labelled 3* 



ARMS 



Figure 17(a) shows allele spedficext««ion of differentiaUy labelled A^^ 
pnmersCabcxyzandabc^JontargetssequencesCallelesAandB). Also shown is a conunon 



tag primer (abc). 



15 



ARMSp,od«o.si.fi„„a««,^^^(^, P-ducBfto^a. A specific ARMS 
Funer nowcomain d«^,e,^^ ^ ^^^^ 

Pnn«rconaiafl«,epo«ers«pe«erst «««nUal de«eSon is e«ve„ientt, by size (xvz 

.0 r~'™'*^'"'^'^*^^-'"~--'-- 



Exam ple I 

Materiak and MethArfc 



Primers and Probes 



25 



Code Comment 



(5') Amplifier 
Portion 



(Middle) 
Reporter 



portion 

S7970 Amplifies Tagged 5'CGTACCACGT NONE 
amplicon GTCGACT3' 



(3') Genome 

Priming 

portion 

NONE 



70162 

i 



-17- 



HpHlF insulin gme 



5'AGCAGGTCTG NONE 
TTCCAAGG3' 



Primei/a] 
sequence 



HpHlR insulin geoc 



INS- 
BFl 



insulin 
probe 



5'CTTGGGTGTG NONE 
TAGAAGAAGC3* 



NONE 



5'FAM- 

CCTGCCTGTCT 

ccx:agatcac 

TAMRA3' 



Primei/ 
sequmce 



1 1 






III 



NONE 



S7033 AF508 common 5'CGTACCACGT NONE 
primer (Amplifin GTCGACT3* 
tailed) 



T2120 TagMan Probe NONE 



5'FAM- 

CTGGCATCGG 
TAGGGTAAGG 
ATCGGTATCGT 
AMRA3* 



5'CACTAATG 



AATTCTC^CC 
ATT3* 



NONE 



T0990 Triple-phase 

pnmer forAFSOS 
ampliccm 



5*CGTACCACGT 5'(GCGTACT)C 5'GCCTG^2A 
GTCGACT3' TGGCATCGGT CCATTAMg 

AGGOTAAGOA 

TCGGTATCG3* TTGG3' 

Bracketed portion 

is an optional 

"hinge" region 



■ » • * 



70162 

-18- 



P1292 No reporter target 5*(GCGTACT)CG NONE 
primer TACCACGTGTC 

GACT3' Bracketed 
portion is an 
<^onaI 'liinge" 
region 



5'GCCTGGCA 
CCATTAAAG 
AAAATATCA 

TTGG3* 



PCRs 



1 



10 



Insulin amplicon: 25 pi reactions containing 
3mM MgCl2 
200jiMdNTPs 
10% (v/v) glycerol 

3 ng/ml each of primers HpHlF and HpHlR 
SO nM INS-BIF ptx>be 

5 ul genomic DNA (or water for negative controls) 
0.625 units of Taq polymerase 



in Ix Amplitaq Bidftf 



15 



These reactions were performed using a two stq) cycle: 
40cyclesx {94'C for 1 min; 58'C for2 min} 



20 



Ya reactions (150 pi) contained 1 x ARMS bufifiy with: 100 pM dNTPs. Primers 
T0990 and S7033 at 10 nM, S7970 at 500 nH T2120 at 50 mM, 225 ng AF508 
homozygote DNA and 6 unites of Taq Polymerase. Some reactions were 
supplemented with Mg to 2.4 or 4.4 mM 

Yi reactions were identical to Ya, but the target DNA was a normal homozygote at the 
F508 position. 

Othor controls contained no target DNA 
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To control for the reporter sequence in the Triple phase primer, P1292 (ooat^nuig no 

• « 

middle portion) was substituted for T0900. 

The PGR cycles were: 2M94'>C for 1 min, 62X for 2 min, 72*'C for 1 min}. Mowed 
by 40x {94''C for 1 min, 64»C for 1 min}. '"^ 



After cycling, an aKquot (10 of each reaction was analysed by gel electrophorea^ 
establish tfie effidency of amplification. 

The remainder was analysed in 100 \x\ euvcttes usmg the Fluoromax fluorometer. 
10 necessary (as in the case of the insulin amplifications), repKcate samples were po6l# TTic 
excitation wavelength was set to 488 mn and the emission was read at 518 nm (fi)F^^ and 
582nm(forTAMRA). The ratios were calculated in each case and plotted approj 



Results 

1 5 The optimal [Mg] for the insulin gene region had beai established as 3 

Todd pers. comm.) Indeed^ there was little or no change in the fluoioesence ratio «^sver 
concentrations. This was borne out in the data shown in Figure 1. The difference b^ween Ya 
and the No DNA sauries is strongest at 2.4 mM Mg. However, these conditions slid favour 
ARMS miqmming and the difference between Ya and Yi is less impressive: this is ^ to 

20 ARMS not TagMan. 

Each of diree replicates for Ya and no DNA is presented figures 2-4) 

concraitraticms. The rquroducilnlity is good and the ratios between p^ive 



negative samples in inqiresave. 

Whrai compared to the results obtained in an optimised TaqMan assay 
25 gene polymorphism) the method ofthisinv«itionperf(mned well (Figure 5). Ind«?iat2.4 
mM Mg, the difTeroice between positive and negative results was nearly two-foia'^Oer than 
dutt for tiie insulin amplicon. Tins probably reflects the fact that we were able to <teign the 
TagMan probe to anneal fer more avidly than the amplifyu^ tag primer. 

In order to be sure Aat ngnals obtamed were produced as a result of tiie ^ibliduced 
30 reporter portion of the original primer, control experiments using tailed primers ^disnng tiiis 
portion were carried out (Figures 6-8). In all cases, the absence of die reporter ^ 
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fluorescence ratios comparable to the iK^ve controls. No inappropriate probe cleavage vras 
taking place under the conditions tested here. 



To demonstrate the universaUty of this approach, a number of further amplicons have been 
5 ^o'l"^^^ to 3* fomiat In each case, the sq«rateaUele»^c reactions 
successfully combined to permit Single Tube Genotyping(STG). In one case (factor V 
Leaden) the assay has been blind tested extensively on clinical ^ples (which were typed 
mdq«ndenlly by a clinical laboratory using a different technology). 

10 1. Cystic Fibrosis Deha F508 

Primers (see Table 1): 
V6631: Tag 20a 

V6632 common primer, taUed with 20a sequence 

V6634: 3* primer, mutant sequence, T2120 reporter 
15 V6634: 3* primer, normal sequence, T4029 rt^rter 
Probes: 

T2120: FAMn'AMRA labelled, 
T4029: TET/TAMRA labelled. 
Reaction mixes: 

20 All reactions were in IxARMS buffer with MgCl, adjusted to 3.5 mM final, plus ROX 

mtemal standard at 60 nM final, and Tag20a at 500 nM. Amplitaq Gold was i«.luded at 2 
U pw 50 nl reaction 

Three mixes were ^ically used- 

a- Normal only reaction, with primers V6635 and V6632 each at 10 nM. T4029 at 
25 50 nM 



b. 



Mutant only reaction, witii primers V6634 and V6632 each at 10 nM. T2120 at 
50nM 



c. STG with aU three primers included at 1 0 nM. both probes at 50 nM each 
Cyling ccHiditions: 

30 20 minutes at 94X to activate the Amplitaq Gold 

2 cycles of 94«'C. 40s; 62X, 80s; 72X, 40s (genomic priming) 
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40 cycles of 94»C, 4s» 62*C, 80s (Tag priming) 



• 



2. CTLA4A polymorphisin 

Primers (see TaUe 1): 



Tag20a 

Conimon primer, tailed with Tag 20a sequence 

3^ primer, mutant specific, carries the TET reporter region (J4t^f^ 

3^ primer, normal specific, carries the FAM reporter region CtlUS) 



5 V6631: 
V3561 
V6558; 
V6715; 
Piobes: 

10 T2120: FAMTTAMRA labeUed, :^ 
T4029: 'EET/TAMRA labelled. 
Reaction conditions: 

All reactions were in IxARMS buffer with MgClz adjusted to 3.S mM final, pk^ROX 
internal standard at 60 iiM final, and Tag20a at 500 riM. Amplitaq Gold was ii^^ided at 2 
15 U per 50 |il reaction 

Three mixes were typically used- 

a. Nomaalonlyreaction,withprimers V6715andV3561 eachat lOnM^li^ 
50 nM - 

b. Mutant only Inaction, witiii«immV6SS8 and V3S61eai^ at 10 nM,'r^9 at 
20 SOnM 

c. STG with all three inimeis included at lOnM, both probes at SOnM 
Cycling ccHiditions: 

20 minutes at 94**C to activate the Amplitaq Gold 
3 cycles of 94<*C, 40s; 64**C, 80s; 72X» 40s (genomic priming) 
25 40 cydes of 94*>C, 4s, 64X, 80s (Tag priming) 



• • - - . 



3. BRCAlexonlO polymoiphism 

Primers (see Table 1): 

V6631: Tag 20a ^^ssf 
30 R432-96: cmnmon primer, tailed with Tag 20 sequence '"^^^ 
V9596: 3* primer, A-variant specific, carries T4029 (TET) reporter seqil^ce 
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W1940: 
Probes 



3* primer, C-variant specific, cairies T2120 (FAM) reporter sequence 



T2I20: FAM/TAMRA labeUed, 
T4029: lET/TAMRA labelled, 
S Reaction Conditions: 

AU reactions were in IxARMS buffer with MgCl, adjusted to 3.5 mM final, plus ROX 

internal standard at 60 nM final, and Tag20a at 500 nM. Amplitaq Gold was included at 2 
U per 50 reaction 

Three mixes were typically used- 

a. "A" only reaction, with primers R432-96 and V9596 each at 25 nM, T4029 at 



10 



50 nM 



b. "G" only reaction, with primers R432-96 and Wl 940 each at 25 nH T2120 at 
50 nM 

c. STGwitii all tiMee primers included at 25 nM,botfi probes at 50 nM 
15 Cyclii^ conditions: 

20 minutes at 94't: to activate the Amplitaq Gold 

4 cycles of 94«>C. 40s; 60*C, 80s; 72°C, 40s (genomic priming) 

45 cycles of 94''C, 40s, 64°C, 80s (Tag priming) 

20 4. Factor V Lnden mutation 
Primers (see Table 1): 

V0651 : 3* primer (wUd type sequence) witii reporter region conceding to 
T2120 



V0652: 
25 W4085: 
Tag 20a: 
Probes: 



3* primer (mutant sequence) with reporter region corresponding to T4029 
Tailed common primer 

Drivw primer found in the common and tiie q)ecific primers 



T2120: FAM/TAMRA labelled, 
T4029: TET/TAMRA labelled, 
30 Reaction mixes: 



AU reactions were in IxARMS buffer with MgClj adjusted to 3.5 mM final, plus ROX 
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standaniat60nMfinal,andTag20aat500nM. AmpUtaq Gold was iii^d at 2 



U per SO (il reaction 



rr* 



1* ♦ 



Three mixes wwe typically used- 
5 a. Normal only reaction, with primers W4085 and V065 1 each at 25 nM. T2|a) at 

50 nM f" 

b. Mutant only reaction, with primers W4085 and V0652 each at 25 nM, TAm at 

50nM 

c. STGwiA all three primers included at 25 nM, both iHobes at 50 nM 

10 Cycling conditions: 

20 minutes at 94*C to activate the Amplitaq Gold 

3 cycles of 94*C. 41s; 60*C, 80s; 72"»C, 51s (genomic priming) . . jg 

45 cycles of WC, 41s. 80s (Tag priming) * 



15 Validation 

More than 200 clinical samples have been tested blind with the STG mfac fa ev^jrfcase, 
the resuhs obtained were concordant vntti tibose obtained by clinical collaborabws who 
used PCR and restriction digestion to type Ae same samples. 
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TABLEl 



CODE 
V6631 



SEOTJENCK 

GCGTACTAGCGTACCACGTG 



T4029 



CGGTGGACGTGACGGTACGACGAGGCGACG 



T2120 



CTGGCATCGGTAGGGTAAGGATCGGTATCG 



V6632 



GCGTACTAGCGTACCACGTGCACTAATGAGTGAACAAAATTCTCA 
CCATT 



V6635 



V6634 



V3561 



V6558 



V6715 



V0652 



V0651 



GCGTACTAGCGTACCACGTGTCGACTCGGTGGACGTGACGGTACG 
ACGAGGCGACGGCCTGGCACCATTAAAGAAAATATCATCTT 

GCGTACTAGCGTACCACGTGTCGACTCTGGCATCGGTAGGGTAAG 
GATCGGTATCGGCCTGGCACCATTAAAGAAAATATCATTGG 

GCGTACTAGCGTACCACGTGATCCTGAAACCCAGCTCAAAT 

GCGTACTAGCGTACCACGTGTCGACTCGGTGGACGTGACGGTACG 
ACGAGGCGACGGCGGCACAAATAAAAACTGAACCTGGCTG 

GCGTACTAGCGTACCACGTGTCGACTCTGGCATCGGTAGGGTAAO 
GATCGGTATCGGCGGCACAAATAAAAACTGAACCTGGCTA 

GCGTACTAGCGTACCACGTGTCGACTCGGTGGACGTGACGGTACG 
ACGAGGCGACGTACTTCAAGGACAAAATACCTGTATTCCAT 

GCGTACTAGCGTACCACGTGTCGACTCTGGCATCGGTAGGGTAAG 
GATCGGTATCGTACTTCAAGGACAAAATACCTGTATTCCGC 



-25- 

W4085 GCGTACTAGCGTACCACGTGCAGGGGAAACCTATACTTATAAGTG 

GAACATC 

* ' w * 
• • • 

R432-96 GCGTACTAGCGTACCACGTGAGAAGTrCCAGATATTGCCTGCTT 

t 

V9596 GCGTACTAGCGTACCACGTGTCGACTCGGTGGACGTGACC^TACG 

ACGAGGCGACGACTGATCCATTAGATTCAAATGTAGGAA/ 

W1940 GCGTACTAGCGTACCACGTGTCOACTCTGGCATCGGTAGGGTAAG 

GATCGGTATCGACTGATCCATTAGATTCAAATGTAGAAC f : 
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SEQUENCE USTTNG 



(1) GENERAL INFORMATION: 

5 

(i) APPLICANT: 

(A) NAME: Zeneca Limited 

(B) STREET: 15 Stanhope Gate 

(C) CITY: London 

1 0 (E) COUNTRY: United Kingdom 

(F) POSTAL CODE (ZIP): Wl Y 6LN 

(G) TELEPHONE: 0171 304 5000 

(H) TELEFAX: 0171 304 5151 
a) TELEX: 0171 834 2042 

15 

(ii) TITLE OF INVENTION: Piocess 

(iii) NUMBER OF SEQUENCES: 15 

20 (iv) COMPUTER READABLE FORM: 
(A) MEDIUM TYPE: Floppy disk 
CB) COMPUTER: IBM PC compatible 

(C) OPERAITNG SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1 .0, Version #1 .30 

25 

(v) CURRENT APPUCATION DATA: 

APPLICATION NUMBER: GB 9609441.2 
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(2) INFORMATION FOR SEQ ID NO: 1 : 

(i) SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 20 base paiis 
(B) TYPE: nucleic acid 
(Q STRANDEDNESS: single 
(P) TOPOLOGY: linear 



10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 : . 

- 

GCGTACTAGC GTACCACGTG 20 v^'f 

(2) INFORMATION FOR SEQ ID NO: 2: 

♦ T 

15 ;f 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
20 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: - f f 

25 CGGTGGACGTGACGGTACGACGAGGCGACG 30 
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(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

10 

CTGGCATCGG TAGGGTAAGG ATCGGTATCG 30 
(2) INFORMATION FOR SEQ ID NO: 4: 

1 5 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 50 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

GCGTACTAGC GTACCACGTG CACTAATGAG TGAACAAAAT TCTCACCATT 
50 

25 



30 
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(2) INFORMATION FOR SEQ ID NO: 5: ^ ■ 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 86 base pairs 
5 (B) TYPE: nucleic add 

(C) STRANDEDNESS: single ( ^ 

(P) TOPOLOGY: linear 

1 0 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 7. 

GCGTACTAGC GTACCACGTG TCGACTCGGT GGACGTGACG GTACGACGAG 
GCGACGGCCT 60 ""-"^ 

m 

15 GGCACCATTAAAGAAAATATCATCTT 86 



(2) INFORMATION FOR SEQ ID NO: 6: - :~ 

20 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 86 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single ^ "fp 

(D) TOPOLOGY: linear ' 

25 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: ->^" 



GCGTACTAGC GTACCACGTG TCGACTCTGG CATCGGTAGG GTAAGGAT CG 
GTATCGGCCT 60 

30 

GGCACC ATTA AAGAAAATAT CATTGG 86 
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(2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 41 base pairs 
5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 7: 

10 

GCGTACTAGC GTACCACGTG ATCCTGAAAC CCAGCTCAAA T 
(2) INFORMATION FOR SEQ ID NO: 8: 

15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 85 base paiis 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

GCGTACTAGC GTACCACGTG TCGACTCGGT GGACGTGACG GTACOACGAG 
GCGACGGCGG 60 

25 

CACAAATAAA AACTGAACCT GGCTG »< 



30 
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(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: ijiS 
(A) I^GTH: 85 base pairs 
5 (B) TYPE: raicleic «ad 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: "'^^ 

10 '--^ 
GCGTACTAGC GTACCACGTG TCGACTCTGG CATCGGTAGG GTAAGGi<^fip'' 

GTATCGGCGG 60 

CACAAATAAA AACTGAACCT GGCTA 85 

15 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 86 base pairs 
20 (B) TYPE: micldc acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear ' ■ 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: r 

25 ; 

GCGTACTAGC GTACCACGTG TCOACTCGGT GGACGTGACG GTACGAd^C 
GCGACGTACT 60 

- ^ t 

TCAAGGACAA AATACCTGTA TTCCAT 86 4 ; 
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(2) INFORMATION FOR SEQ ID NO: 11 : 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 86 base pairs 
5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 1 : 

10 

GCGTACTAGC GTACCACGTG TCGACTCTGG CATCGGTAGG GTAAGGATCG 
GTATCGTACT 60 



TCAAGGACAA AATACCTGTA TTCCGC 

15 

(2) INFORMATION FOR SEQ ID NO: 12: 



(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 52 base pairs 
20 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



86 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

25 

GCGTACTAGC GTACCACGTG CAGGGGAAAC CTATACITAT AAGTGGAACA 
52 



TC 



30 
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(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 44 base pairs 
5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
10 > 14) 

GCGTACTAGC GTACCACGTG AGAAGTTCCA GATATTGCCT GCTT 44 

(2) INFORMATION FOR SEQ ID NO: 14: ' 



15 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 84 base pairs 

(B) TYPE: nucleic add 

(C) STRANDEDNESS: single 
(P) TOPOLOGY: linear 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 

GCGTACTAGC GTACCACGTG TCGACTCGGT GGACGTGACG GTACGACGAG 
25 GCGACGACTG 60 

ATCCATTAGA TTCAAATGTA GGAA 84 





30 
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(2) INFORMAHON FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 84 base pairs 
5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



1 0 (xi) SEQUENCE DESCRjD>TION: SEQ ID NO: 1 5: 

GCGTACTAGC GTACCACGTG TCGACTCTGG CATCGGTAGG GTAAGGATCG 
GTATCGACTG 60 

» 

15 ATCCATTAGA TTCAAATGTA GAAC 84 
AS70162 

NGAP/KEB: 21APR97 



1. A mediod for the detection of a diagnostic base sequence in nucleic acid coifiimsed 
S in a san4)le» i^ch method comprises contacting the sample imder hyhri 

in the presence of appropriate nucleoside triphosphates and an agent for polymerisatio^ 
thoeof^ with a diagnostic primer for the diagnostic base sequence, the diagnostic prunar 
having a non-conqdementary tail sequence conipiising a tag region and a detector xegiiiMi, 
such that an extension product of the dis^oslic primer is synthesised wfam the cofie^pbnding 

10 diagnostic base sequence is present in die sample, no extension product being syni^^ 
when the corresponding diagnostic base sequence is not present in the sample and any^ V 
extension product of the diagnostic primer acts as tenq>Iate for extension of a further^j^per 
which hybridises to a locus at a distance fiom the diagnostic base sequence, and ront^lihg 
tiie sample with a tag primer which selectively hybridises to the complement of the ias^' 

IS sequence in an extension product ofthefiirther primer and is extended, and detect!^ 

presence or absence of tiie diagnostic base sequence by reference to the detector r^^ in the 
further primer extension product ;r^S 

2. A method as claimed in claim 1 wherein a detector species is used whidi selectively 
20 associates with the detector region in the further primer extension product 

3. A method as claimed in claim 2 wherein the detector species emits a detectai)te 
signal when cleaved during polymerase mediated extension of the tag primer. 

25 4. A mediod as claimed in claim 2 wheiein tiie detector q>edes «nits a del^^ 
signal upon selective association with the detector region. 

5. A method as claimed in claim 4 wherein the detector species is a fluores^csi^^^ 
labelled species and tiie detectable signal arises fiom a change in fluorescence polari^on 
30 i4)on selective association with the detector region. 
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6. A method as claimed in claim 2 wherein the detector species comprises two species 
each having an intaractive label, which labels interact upon selective association with the 
detector region and release a detectable signal. 



5 7. A method as claimed in claim 6 wherein one of the interactive labels is a chelated 
lanthanide and the other is a father chelating group. 



IS 



8. A method as claimed in claim 1 vAtexcin the farther primer extension product 
captured on a solid phase using a species which selectively associates with the complement of 

10 the detector region in the farther primer extension product. 

9. A method as claimed in any one of the previous claims wherein the detector species 
comprises a nucleotide sequence identical to the sequence of the detector region in the tail of 
the diagnostic primer. 

15 

10. A method as claimed in any one of the previous claims wherein the tag primer 
comprises a nucleotide sequence identical to the sequence of the tag region in the tail of the 
diagnostic primer. 

20 1 1 . A method as claimed in claim 1 wherein the detector region in the farther primer 
extension product is identified by reference to its siase contribution to the farther primer/tag 
primer amplification product 

12. A method as claimed in any one of the previous claims and wherein the farther 
25 primer has a non-complementary tail sequence comprising a tag region. 



13. A method as claimed in any one of the previous claims and wherein the fiirther 
primer is a diagnostic primer. 
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14. A method as claimed in any one of the previous claims wherein the melting 
temperature of the tag primer is higher than that of die diagnostic prim^ so that an inoease in 
temperature provides a switch &om diagnostic primer priming to tag primer priming:^— 

S 15. A mediod as claimed in any one of die previous claims wherein more thah^^^ 
diagnostic base sequence is detected in the sample using more than one diagnostic prim^, 
impropriate further primer(s) and tag regions. ■"'^Wt 

16. A method as claimed in claim IS wherein the same tag sequence is used tail of 
10 all diagnostic primers and/or all fiuther primers. 

17. A method as claimed in claim 15 wherein an identical detector region is usi^ in the 
tail of all diagnostic primors. 

• » _^ . 

15 18. A method as clainied in claim IS wherein one fuither primer is used wiAni^ 
one diagnostic primer. ; ; 

19. A method as claimed in any one of the previous claims wherein a tenninal 
nucleotide of at least one diagnostic primer is dther complementary to a suspected variant 

20 nucleotide or to die corresponding normal nucleotide. 

20. A diagnostic primer having a non-complementary tail sequence comprisiig^tag 
region and a detector region. 

25 21. A diagnostic primer having a 3' terxiiinai nucleotide either complementary to 
suspected variant nucleotide or to the corresponding normal nucleotide and having a^n- 
complementary tail sequence comprising a tag region and a detector region. 



22. A metiiod for the idmtijScation of one or more variant diagnostic base se^t^ces 
30 against a backgroimd of nomial diagnostic base sequences which comprised the use of a 
method as claimed in claims 1 -19 or a diagnostic primer as claimed in claims 20-2L . . 
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23. A kit comprising one or more diagnostic [nrimers as claimed in claim 20 or claim 2 1 
togethar with appropriate packaging and insUuctions for use in a method as claimed in any 
one of claims 1-19 or 22. 
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